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Abstract
CFG (ACFG) , (CFG) alternation
[8] . [9] , CFG (alternation )
CFG (sACFG) , (APDA)
. , [10] , alternation PDA ,
ACFG (alternation ) EACFG , ACFG sACFG
. , ACFG $8ACFG$ ,
.
The first attempt to introduce ‘alternation’ into the CFG to define the ACFG was
Propoaed in [8]. Another alternating CFG cau\’e the state-alternating CFG (sACFG)
was introduced in [9], where characterizations of the alternating pushdown automaton
(APDA) by means of ACFGs were established. After that, further new variants of alter-
nating CFG and PDA was introduced to obtain characterizations of ACFG and sACFG.
In this note, we review the results obtained so far. Also, we introduce various extensions
of alternating grammars and investigate relatioohips among them, a partial results of
which has been announced elsewhere.
1 Introduction
(ACFG) (APDA)
[8] . ACFG (altemating context-free grammar) 5\eta $G=(V, U, \Sigma, P, S)$
, , $V$ , $U\subseteq V$ (universal)
, $V\backslash U$ (enistentia , $\Sigma$ ,
$S\in V$ , $P$ .
$G$ , CFG
, ,
( , ). ,
1 , . $w$ $G$
, $T$
:
(i) $T$ $S$ .
(ii) $T$ $w$ .
, $Q$ , $\mathcal{G}$
$\mathcal{L}(\mathcal{G})$ . , \epsilon - $\mathcal{G}$
$\mathcal{L}(\epsilon-free-\mathcal{G})$ . ,
$\mathcal{L}_{{\rm Im}}(\mathcal{G})$ $\mathcal{L}_{{\rm Im}}(\epsilon- fr\epsilon e- \mathcal{G})$ .
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[8] APDA , , ACFG
. , [3] , ACFG
$P=LOG$($\mathcal{L}$(linear-ACFG)), PSPACE $=LOG$ ($\mathcal{L}_{1m}(\epsilon- fre\epsilon$-ACFG))
. , $LOG(\mathcal{L})$ $\mathcal{L}$ ,
linear-ACFG ACFG .
, [4] , $\mathcal{L}(APDA)=\mathcal{L}(linear- erasing- ACFG)$ ,
$\mathcal{L}(APDA)$ . , ACFG $G$ (linear
erasing) , $c$ , $G$ $n$
$c\cdot n$ .
, [4] ACFG , $w$ (endmarker) $ $w$
ACFG
.
[9] , [5] CFG (ECFG )
alternation , ACFG (sACFG) , APDA
:
$\mathcal{L}_{1m}$ (sACFG) $=\mathcal{L}(APDA)$ .
, $\mathcal{L}(ACFG)=\mathcal{L}(APDA)$ $(\mathcal{L}(ACFG)\subseteq \mathcal{L}(sACFG)$
).









, [10] , APDA ,
stackAPDA , APDA
10
APDA . , stackAPDA






, , (leflish derzvation)
. [5] . $(p, A)arrow(q, \alpha)$
, $\beta$ $p$
, $(p,\beta A\gamma)\Rightarrow(q,\beta\alpha\gamma)$ . , $\beta$
, $P$ , $p$
$A$
. ACFG $\epsilon-$ ACFG
$\mathcal{L}_{1t}(ACFG)$ $\mathcal{L}_{1t}(\epsilon- free- ACFG)$ .
, ACFG . CFG





CFG . , [9] $\mathcal{L}(ACFG)\subseteq \mathcal{L}(sACFG)$
$\mathcal{L}_{\mathfrak{l}m}(ACFG)\subseteq \mathcal{L}_{{\rm Im}}(sACFG)$ , .
2 (s)ACFG
(altemation) Chomsky








$X$ , $\alpha,$ $\beta$ , $\gamma$
.
(2.1) CF ,
. (21) CF $0$
.
, ACFG , $0$ (AtypeO )
2 . , $U\subseteq V$ , $V\backslash U$
. , $0$ 5 $G=(V, U, \Sigma, P, S)$
. , ( ) , $G$
ACFG .
, ( ) ,
. ,
, . (
) . , ,
. (21)
$\alpha X\betaarrow\alpha\gamma\beta$ , $X$
,
. , $0$ (2.1) ,
:1
$\alphaarrow\eta$ (2.2)
, $\alpha$ , $\eta$
. (2.2) $|\alpha|\leqq|\eta|$ , 1 \searrow
, , ACSG
.
, $0$ ACFG .
, (




, , $n$ $k$ ,
$\beta\eta_{1}\gamma,$
$\ldots$ , \beta \eta . , $\beta$
, ( ) . , ,
, 1 (nondeterministicaUy)
. , $\alpha’arrow\eta_{1}’$ , . . . , $\alpha’arrow\eta_{k’}’$ $P$
( $\alpha’$ ), $\alpha’$ $\beta\alpha\gamma$ , $\alpha\neq\alpha’$
. $\alpha$ $\alpha’$ ,




( $\alpha’$ ) , $\alpha$ ( $\alpha’$ )
. $\alpha$ ( $\alpha’$ ) ,
$\alpha$ ( $\alpha’$) 1 .




Lemma 2.1. $\mathcal{L}_{1m}(Atype0)\subseteq \mathcal{L}_{1m}$ (sACFG).
Lemma 2.2. $\mathcal{L}_{{\rm Im}}(sAtype0)\subseteq \mathcal{L}_{{\rm Im}}(Atype0)$.
2.1 2.2, $\mathcal{L}_{1m}(sACFG)\subseteq \mathcal{L}_{{\rm Im}}(sAtypeO)$ ,
:
Theorem 2.3. $\mathcal{L}_{{\rm Im}}(Atype0)=\mathcal{L}_{1m}(sAtypeO)=\mathcal{L}_{1m}$(sACFG).
$\mathcal{L}_{{\rm Im}}$ (ACSG) $\subseteq \mathcal{L}_{1m}(Atyp\epsilon 0)$ , :
Corollary 2.4. $\mathcal{L}_{1m}(A\csc)\subseteq \mathcal{L}_{{\rm Im}}(sACFG)=\mathcal{L}(APDA)$.
22 , 24
.
, LBA (alternating Hnear bound\’e automaton) ALBA
. $\mathcal{L}_{\mathfrak{l}m}(sACFG)$ $\mathcal{L}(ACSG)$ . , $\mathcal{L}(APDA)=\mathcal{L}(ALBA)$
[2] $\mathcal{L}(APDA)=\mathcal{L}_{1m}(sACFG)[9]$ .
, ( , ) ACSG
. .
Lemma 2.5. ALBA , ALBA
.
Lemma 2.6. $M$ ALBA , $L(M)\# 1\# 2\# 3$ ACSG
$G$ . , #1, #2, $\#a$ $M$ .
, .
Lemma 2.7. $L\subseteq\Sigma^{+}$ , $\#$ $\Sigma$ . $L\#$ ACSG $G$
, $L$ ACSG $G’$
.
26 2.7 , :
Lemma 2.8. $\mathcal{L}(ALBA)\subseteq \mathcal{L}(ACSG)$ .
, 28 :
Lemma 2.9. $\mathcal{L}(ACSG)\subseteq \mathcal{L}(ALBA)$ .
, :
Theorem 2.10. $\mathcal{L}(A\csc)=\mathcal{L}(ALBA)$ .
13
Corollary 2.11. $\mathcal{L}(ACSG)=\mathcal{L}(APDA)=\mathcal{L}_{{\rm Im}}(sACFG)$ .
24 211 , :
Corollary 2.12. $\mathcal{L}_{{\rm Im}}(ACSG)\subseteq \mathcal{L}(A\csc)$ .
, 212 . 2.11
, $\mathcal{L}_{1m}$ (sACFG) $\subseteq \mathcal{L}_{1m}(A\csc)$ . \epsilon -&ee
sACFGs :
Lemma 2.13. $\mathcal{L}_{{\rm Im}}$ ( $\epsilon$-free $sACFG$) $\subseteq \mathcal{L}_{1m}$(ACSG).
, . $k$ . $w\in L(G)$
, $G$ $w$ , $\epsilon-$
$k\cdot|w|$ , sACFG $G$ $k-\epsilon$ -bounded
. $G$ $k-\epsilon- b_{01}mded$ $k$ , $G$ $\epsilon$ -bounded
. , :
$Co$njecture. $\mathcal{L}_{{\rm Im}}$ ( $\epsilon$-bounded $sACFG$) $\subseteq \mathcal{L}_{{\rm Im}}(A\csc)$ .
.
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